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57 ABSTRACT 
The invention contemplates improvement in the inter 
pretability of heat-detection data, resulting from scan 
ning a field. One or more heat-detecting devices are 
caused to scan the field and to create light modula 
tion, superposed on a monitoring display of the field, 
the monitoring display being the product of observing 
the field in a band (e.g. visible light) other than that of 
the scanned heat response. The result is to superpose 
on the monitoring display brightened light modula 
tions in accordance with heat sources encountered in 
the course of heat scanning the same field. 

17 Claims, 5 Drawing Figures 
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TRACKING AND DISPLAY APPARATUS FOR 
HEAT-DETECTING.SYSTEMS 

This invention relates to a method and means for 
quantitative and/or qualitative evaluation of electro 
magnetic radiation, especially for use in telemetering 
and display of detected heat orientations and/or pic 
tures, in optical display systems for daytime or night 
time use, wherein different wavebands (for example, in 
the infrared and in the visible) are simultaneously used. 
Such apparatus uses a heat detector or heat-orienta 

tion device (array of heat detectors) to develop heat 
sensed intelligence in point, line or surface form. And, 
if the target radiation is observed in the longwave re 
gion of the infrared spectrum (far-infrared), there may 
be a further observation of the ascertainable location 
or orientation, coordinated with that of a monitoring 
device for observing the target in the visible and/or 
near-infrared regions of the spectrum. For an exact 
recognition or identification of the target, it is neces 
sary to establish the most ideal spectral separation of 
the different operative wavelength regions and to re 
duce as far as possible the deleterious radiation effects 
of reflection, absorption and scattering. 
For most effective target observation, for example, in 

a landscape, various combinations of apparatus are 
known in which picture-amplifying, picture-transform 
ing or television devices, equipped with heat-detection 
means or the like, are coupled together in accordance 
with the specific properties of the target sought. In 
these known combinations the different characteristic 
spectral regions of the target are directed by means of 
spectral dividing devices (e.g. interference filters, as 
described in German Pat. No. 1,230,592) to different 
spectrally limited detectors, which produce electrical 
signals for corresponding components of the received 
radiation. With such spectral dividing devices, how 
ever, significant degradation of the radiation is caused 
as a consequence of reflection, absorption and scatter 

10 

5 

25 

30 

35 

40 

ing. Particularly large spectral components degrade the 
technical quality of the display, leading in general to 
"coloring' in the picture, since ideal spectral separa 
tion is not achieved. 
The invention, therefore, has as its object to provide 

an apparatus of the character indicated which, through 
a combination of a heat-detecting system with a known 
day or night field monitoring or observation system, 
and at small technical expense, will assure a better 
separation of the spectral regions and which, at the 
same time, will substantially reduce degradation of the 
incoming radiation. 
According to the invention, this object is achieved 

(a) by providing, in or near the image surface of an 
optical system, one or more movable heat-radiation 
detectors, (b) by coupling the movable means of the 
heat detectors with synchronizing or position-tracking 
means to control the path of movement or for remote 
transmission, (c) by synchronously coupling the move 
ments of one or more such detectors with those of 
corresponding light sources of a recreated display, 
wherein brightness is determined by detector response 
to heat radiation, and (d) by projecting light-source 
movement in the desired information-evaluating plane 
of the monitoring system. 

In an advantageous illustrative embodiment of the 
invention, the heat-radiation detectors and the display 
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2 
light sources are fixedly related and are movable over 
given scan paths which may be arcuate or linear. 

In another illustrative embodiment of the invention, 
heat-radiation detectors are combined with radiation 
reflectors or conductors which develop the heat-scan 
response in the image field of the monitoring system, 
the reflectors or conductors conveying the scanned 
heat radiations to their associated detectors, the latter 
being fixedly mounted or movably carried with scan 
ning motion. This embodiment is particularly useful in 
that the complications of flexible cables, tracking 
contacts, etc.: can be avoided in relating the detectors 
to the movable parts of the apparatus. 

Fiber-optical elements may be advantageously used 
as radiation conductors. 
Also, advantageously, hollow conductors are avail 

able from microwave technology to conduct heat radia 
tion to the detectors. Such hollow conductors provide 
reflective inner wall surfaces and are totally or partially 
filled with dielectric material, and they are available 
with variable-length and twistable features. 
The indicated radiation conductors may also be flexi 

ble if necessary. 
Analogous to the radiation conductors used in con 

junction with the heat-radiation detectors, it is desir 
able and advantageous to employ reflecting or con 
ducting means at a given station in the monitoring-dis 
play end of the system, in conjunction with the modu 
lated light sources. Such a station may, for example, be 
an intermediate image surface of a telescope system, or 
the input surface of an image-converter, of an image 
intensifier or a television-camera tube. Also, the plane 
behind the light screen of an image-converter or image 
intensifier tube or of a monitor, as well as one or more 
intermediate image planes in a magnifying system can 
be convenient locations for superposing the light 
source display information. It is also possible to intro 
duce such information electronically, by super-position 
on the video signal of the monitoring display. 
The invention permits use of relative movement be 

tween a movably mounted radiation conductor and a 
movably mounted heat-radiation detector, and be 
tween the detector and the light source of the display. 
Such relative movement may be compensated through 
slidable telescoping (trombone-like) hollow conductor 
sections or through a dielectric radiation conductor 
combined with a hollow conductor of variable length. 
The invention also contemplates an embodiment, in 

which a single heat-radiation detector sequentially 
serves radiation conductors scanning one or more parts 
of the imaged field. 
Likewise, it is possible and advantageous that a multi 

ple-element heat-detector array may be fixedly 
mounted in the image field or relative to the image 
field. 

Also, the invention lends itself to the combination of 
different known radiation conductor elements and 
known principles of motion for supporting the heat 
detectors, the light sources and the radiation conduc 
torS. 
The particular advantage of the invention is that, at 

relatively small technical expense, the radiation losses 
through reflection, scattering, and absorption are re 
duced, and the heat-detecting apparatus can be at rest 
when not needed, the same being arrested with the 
scanning heat-detecting means and with the light 
source means at or outside a border of the image field. 
If necessary, the supporting arm(s) for the heat detec 
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tor and/or the display light source can be so rapidly 
moved that concurrent viewing of the remainder of the 
display is not spoiled. 
The invention will be described in further detail with 

illustrative examples, in conjunction with the accompa 
nying drawings. In these drawings: 
FIG. 1 is a simplified view in perspective schemati 

cally showing apparatus of the invention in which a 
heat-radiation detector is movably positioned in the 
picture (image) surface of a television camera; 
FIG. 2 is a similar view of modified apparatus, in 

which a heat-radiation detector is radially movable in 
the image surface of a telescope; 
FIG. 3 is a similar view of another modified appara 

tus, in which light rays are conducted from a fixed light 
Source to an offset location for information display; 
FIG. 4 is a similar view for a further embodiment in 

which heat-target orientation within a surface is 
Scanned by plural radiation conductors, and wherein 
the number of heat-radiation detectors is matched by a 
corresponding number of light sources in the remote or 
offset display; and 

FIG. 5 is a similar view of a modification wherein a 
single heat-radiation detector is caused to scan for 
heat-target orientation in a surface, using a plurality of 
radiation conductors. 

In FIG. 1, a heat-radiation detector 2 is carried by 
slide means 3 and is positionable by drive means 4 
along an axis 5-5' in the picture or image surface 1a of 
an imaging system 1; the movement may be for a single 
scan or for repeated scans. The direction 5-5' is, for 
example, vertical in the image field, and it may perpen 
dicularly intersect the optical axis. Alternatively, and 
depending upon use requirements, it will be understood 
that the detector 2 can be supported for horizontal 
movement, as along the axis 6-6". A position-sensing 
device 7 is shown as part of the drive means 4. In the 
illustrative case of FIG. 1, target monitoring is accom 
plished by a television camera 8 and associated remote 
display apparatus 9. Remote indication of target heat 
source data from the detector 2 uses a light source 11, 
driven by an amplifier 10 of the electrical output of 
detector 2. Source 11 is controlled for brightness, for 
example, when the detector in the image surface re 
sponds to a heat source in the target region. Movement 
of the light source 11 is controlled by means 12 and the 
device 7, for synchronism with movement of detector 2 
in the image surface. Thus, the monitoring display of 
the remote apparatus 9 and the heat-target orientation 
information are coupled to each other, in superposed 
registration. By providing sufficiently rapid coordi 
nated scanning movements of detector 2 and light 
source 11, and by providing relatively thin slide struc 
ture at 3 and 13 (in front of the camera surface 1a and 
in front of the display surface of monitor 9, respec 
tively), these parts of slides 3 and 13 are not noticeable 
to the eye, and the observer perceives the impression of 
a standing light, modulated in its brightness in accor 
dance with heat sources detected along the line of 
heat-detector scan movement in the image field. 
Through selection of a light-source color which is in 
suitable contrast to that of the monitor-display screen, 
the heat-orientation data can be depicted with clarity 
against the monitor field. Alternatively, if desired, it 
will be understood that the heat-signal data can be 
electronically injected into the remote television moni 
tor, for simultaneous presentation with the display 
field. 
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4 
In the illustrative embodiment of FIG. 2, a heat 

radiation detector 2' is carried by a supporting arm 18, 
in or near the image plane of the optical system 1'. Arm 
18 is movably positioned about an axis 14' offset from 
the image area and parallel to the optical axis 14. De 
tector 2' is thus movable over an arcuate path 15 and is 
responsive to radiation scanned over this path. The 
described heat-scanning apparatus is, in the form 
shown, coordinated with telescope means including a 
two-stage picture-amplifying tube 16. Brightness of a 
remote light source 17 is controlled in accordance with 
the output of detector 2", as amplified at 19, and light 
source 17 is carried by a supporting arm 20, directly 
adjacent the tube-lighted screen 21. The support arms 
18-20 may be fixed to the same rotary shaft on axis 14", 
so that source 17 synchronously tracks movement of 
detector 2', and the observer of screen 21 sees bright 
ness fluctuations in accordance with heat scanning 
along the path 15. It will be understood that, if desired, 
the remote light source 17 can also be carried by the 
same positioning arm 18 as used to support detector 2", 
in which case source 17 is directly in front of the input 
plane of the picture-amplifying tube 16; or, in the case 
of a remote-display tube having geometrical optics, the 
light source 17 may be thus supported at an intermedi 
ate image plane, with appropriate orientation in accor 
dance with image orientation at the image plane. It will 
also be understood that the embodiment of FIG. 2 
lends itself to remote transmission of the scan motion, 
and to a displayed inversion of the scan motion, as 
appropriate to the orientation of the monitor display. 

In the schematic showing of FIG. 3, a remote light 
source 23 is aligned with one end of a light conductor 
37, the latter being rotatable about the alignment axis 
22 and so formed as to conduct light to the observation 
station. The light conductor 37 may be a fiber conduc 
tor or hollow reflective conductor, of round or rectan 
gular cross-section. Also, a hollow conductor of vari 
able length and known construction, and various com 
binations of fiber and hollow conductors, may be used. 
The schematic arrangement of FIG. 4 represents a 

modification of FIG. 2 wherein the image surface is 
wholly or partly scanned by the input ends 24 of a 
plurality of radiation conductors 26, which are sup 
ported for bodily movement along concentric paths 
about a rotary axis 28, offset from and parallel to the 
axis of optical system 1'. Heat-radiation detectors 27 
respond to the different heat outputs of conductors 26 
and may be fixed or, as shown, are movable in unison 
with conductors 26 (about axis 28). Amplifiers 29 
accept the different electrical outputs of detectors 27 
and supply suitable input levels to the respective corre 
sponding light sources 30, from which the coordinated 
light modulations are conveyed by light-conducting 
means 26' to the desired image plane 25' of the moni 
toring system. 

In the schematic arrangement of FIG. 5, plural radia 
tion conductors 32a to 32d extend radially of and are 
bodily displaced about the rotary axis 33. They scan the 
image field 34 along concentric paths 35a to 35d and 
serve the same detector. Conductors 32a to 32d are in 
such angularly spaced relation with respect to the 
length of paths 35a to 32d at field 34 that at any instant 
of time detector 36 will respond to heat scanned along 
only one of the paths 35a to 32d. 
The invention may also be applied, with an improved 

geometrical solution, in a combination of the tech 
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niques shown in FIGS. 4 and 5, as to heat-target orien 
tation and heat-radiation conduction. 
What is claimed is: 
1. Apparatus for the quantitative and/or qualitative 

detection and display of infrared radiation for daytime 
and nighttime use, wherein separate responses in a 
visible waveband and in an infrared waveband are used 
simultaneously in a single display, comprising optical 
means for imaging a field of view at an image surface; 
first means including a visible-waveband detector at 
said surface for visually displaying the visible-wave 
band response to said field at a display surface; second 
means including a scanning system with an infrared 
sensitive detector element responsive to a part of said 
field near said image surface, for generating an electri 
cal signal in accordance with scan action in said image 
Surface; scan-tracking means tracking instantaneous 
scan action within the image surface; said display 
means including means responsive to said electrical 
signal for locally enhancing the visible character of the 
visible-waveband display at the display surface in ac 
cordance with the instantaneous magnitude of infrared 
response; and a synchronizing connection from said 
scan-tracking means and coordinated with the field 
display at said display surface for effectively superpos 
ing, upon said visible-waveband display, the infrared 
responsive local visually enhanced modulation in ac 
cordance with instantaneous scan location within said 
image surface. 

2. Apparatus according to claim 1, wherein said en 
hancement means includes a light source and means 
modulating the brightness thereof in accordance with 
the instantaneous magnitude of infrared response. 

3. Apparatus according to claim 2, in which said light 
source is of a color characteristic differing from that of 
the display of said first means. 
4. Apparatus according to claim 2, in which the infra 

red-sensitive system includes means supporting said 
detector element for scan movement along a given path 
in said image surface, said light source being similarly 
supported for movement along a corresponding path in 
the display surface. 

5. Apparatus according to claim 4, in which said 
supporting means comprises radial-arm means, 
mounted for rotation about an axis offset from and 
parallel to the axis of said optical means whereby scan 
and display paths for infrared response and light 
modulated display are arcuate. 

6. Apparatus according to claim 4, in which the coor 
dinated scan and display paths for infrared response 
and light-modulated display are rectilinear. 
7. Apparatus according to claim 1, in which said 

infrared-sensitive detector element is offset from the 
image surface, a radiation conducting element coupling 
the response of said detector element to a part of the 
field radiation incident at the image surface, and means 
imparting scanning movement to the part of the con 
ducting element which is exposed to field radiation 
incident at the image surface. 
8. Apparatus according to claim 7, in which said 

detector and conducting elements are fixedly related to 
each other, being movable in unison in the course of 
scan motion. 

9. Apparatus according to claim 7, in which said 
detector element is fixed relative to scanning move 
ment at the image surface. 
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6 
10. Apparatus according to claim 7, in which said 

radiation conductive element is a fiber-optical element. 
11. Apparatus according to claim 7, in which said 

radiation conductive element includes a reflective sur 
face. 

12. Apparatus according to claim 7, in which said 
detector element is one element of an array of infrared 
sensitive detecting elements, and separate radiation 
conducting elements separately coupling the response 
of each detecting element to a different part of the field 
of radiation incident at the image surface, the orienta 
tion of said conducting elements being such as to scan 
different paths in the image surface in the course of 
Scan movement. 

13. Apparatus according to claim 7, in which said 
conducting element is one of a plurality of conducting 
elements having first spaced ends in the plane of said 
image surface and second spaced ends in a plane nor 
mal to the infrared-sensitive detector-response axis, 
said spacings being such as to sequentially commutate 
infrared detector response via different conductors to 
field radiation at the image surface. 

14. Apparatus according to claim 13, in which the 
first ends of said conducting elements are at different 
offsets generally transverse to scan motion so that each 
conducting element causes said detector element to 
respond to a different scan path in the field of radiation 
incident at the image surface. 

15. Apparatus according to claim 7, in which said 
conducting element is flexible. 

16. Apparatus according to claim 2, in which said 
light source is offset from the display surface, a light 
conducting element having an output end and coupling 
light output of said source to a part of the field of the 
display surface, and means controlled by said synchro 
nizing connection for positioning said end of said light 
conducting element in said display surface. 

17. Apparatus for daytime or nighttime use and for 
the quantitative and/or qualitative simultaneous detec 
tion and display of electromagnetic radiation in two 
different wavebands which are respectively in the visi 
ble and in the infrared; said apparatus comprising opti 
cal means for imaging a field of view at an image sur 
face; first detector means at said image surface and 
electrically responsive to radiation in a first waveband 
in the visible, said detector means including means for 
visually displaying the visible-waveband response to 
said field at a display surface; second detector means 
including a scanning system with an element movably 
positioned near said image surface and having an elec 
trical response to radiation of a second waveband in the 
infrared, for generating an infrared-responsive electri 
cal signal in accordance with movement of said ele 
ment over a predetermined scan path in said image 
surface; scan-tracking means tracking instantaneous 
scan movement of said element over said path, said 
display means including means responsive to said elec 
trical signal for locally enhancing the visible character 
of the visible-waveband display at the display surface in 
accordance with the instantaneous magnitude of detec 
tor-element response to radiation in the infrared wave 
band; and a synchronizing connection from said scan 
tracking means and coordinated with the visible-wave 
band display field for effectively superposing the local 
visually enhanced display of infrared-waveband re 
sponse on said visible-waveband display. 
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